ABSTRACT Hitherto it has not been possible to obtain spore and stalk cell differentiation of the cellular slime molds in submerged cultures. It is shown here that cells when elaced in roller tubes under an atmosphere of oxygen, will form clumps and differentiate in 48-72 hr into mature spores and stalk cells. Although differentiation occurs without the normal morphogenetic movements, there is the appearance of an anteroposterior polarity of the cells in the clump. In addition to oxygen we examined a number of other factors that affect differentiation. It has always been assumed that differentiation in the cellular slime molds could not occur under water, for development would invariably stop at aggregation (1), and that an air-water or an oil-water interface was required. The success of an oilwater interface, which was first demonstrated by Potts (2), has been ascribed to-the fact that mineral oil can be saturated with 10 times more oxygen than can water. As will be shown, if oxygen is added to roller tubes containing Dictyostelium discoideum cells suspended in a physiological salt solution, then clumps of cells will form that show both mature spore and stalk cell differentiation. This work was first presented at a meeting in May, 1976 at Cold Spring Harbor; at the same meeting I. Takeuchi reported similar results in roller tubes using different methods. Ultimately, the findings of both these studies will increase our understanding of the mechanism of cell differentiation in the cellular slime molds.
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MATERIALS AND METHODS
All the experiments reported here were done with Dictyosteltum discoideum NC-4 grown on Escherichia colt B/r on 1% peptone-dextrose buffered agar. The amebae were washed three times by centrifugation at 75 X g in 10-2 M salt solution (1) . Two Evidence that stalk cells and spores are fully differentiated and mature The evidence comes primarily from electron micrographs (Fig.  2) . As can be seen, the stalk cells have characteristically thick walls, large vacuoles, and small residues of cytoplasm including debris and crystals. The spores have thick walls with the appropriately structured layers and a granular internal matrix containing crenulate mitochondria. It is also possible to recog nize the characteristic prespore vesicles (6) (7) (8) It is clear from preliminary studies that a variety of substances affect the degree of differentiation. As Takeuchi has found (personal communication), and we confirm, certain ions have a large effect. The point we wish to emphasize here is that in all the experiments done so far, either with conditioned medium or added substances, the amount of cell differentiation is significantly enhanced by adding oxygen. There are clearly a number of limiting factors, but a high oxygen tension is especially important.
Regulation of prestalk and prespore regions in clumps It is well known from the early work of Raper (10) that if a migrating slug is cut into segments, each segment is capable of producing a fruiting body with stalk cells and spores, even though one segment might come exclusively from a prespore (or a prestalk) region. It has been possible to show the same phenomenon with differentiating submerged clumps using neutral red as a means of indicating prestalk and prespore regions. If the clump showed a clear, dark prestalk region and a light prespore region (16- 24 hr) , the two were separated with a microknife and returned to the salt solution on the roller tube (oxygen added again). After a few hours the portion that was primarily prestalk showed both regions, as did the prespore portion, exactly as had been previously described for migrating slugs (10) . This provides further evidence that polar slugs are formed in submerged conditions, as reported earlier (11); this finding had been questioned by Gerisch (12 In order to produce mature stalk cells all that is needed is a rounded mass of cells. It is clear that differentiation can take place without aggregation, but this was known from earlier work as, for instance, in the elegant experiments of Gerisch (12) . Also, differentiation can occur without the normal morphogenetic movements associated with culmination. But again this has been shown previously with the fruiting mutant described by Sonneborn et al. (13) and for stalk cell induction by cyclic AMP (14, 15) . Very recently Town et al. (16) have found a mutant of D. discoideum that forms both stalk cells and spores without morphogenesis in the presence of cyclic AMP when the cells on the surface of the agar are covered with a layer of cellophane. It is conceivable that at least one factor responsible for the differentiation of these mutant cells is that oxygen can diffuse freely through the overlying cellophane.
With this method of obtaining differentiation in submerged cell masses, the cellular slime molds now provide a system in which it will be possible to do direct biochemical studies not only on cell differentiation, but also on pattern formation.
